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Earth Sciences Department • Lawrence Livermore National Laboratory A dramatic statement was attributed recently to Charles Archambeau: "You flood that thing and you could blow the top off the mountain."
This set me to wondering --could we in fact have such a catastrophe if water were suddenly to contact rock heated by radioactive decay?
A good piace to start is to ask: just how much heat are we expecting?
The answer depends upon many variables, including the waste form (spent fuel or glass), how long the waste has been out of the reactor core, how much power was generated while it was in the core, how much is contained in each waste package, the spacing between packages, and so on. A reasonable question now is: if the amount of heat released is so small, why does the rock get hot around a waste package? The answer is that rock _.f any kind is a very poor conductor of heat -the tufts at Yucca Mountain are only about twice as conductive as firebrick --and even a small but continuous source of heat placed within such a medium will cause an increase in temperature until the medium reaches a "steady-state" condition.
In this condition, heat "leaks away" from the source as fast as it is supplied, and the temperature is highest at the source and decreases rapidly as the distance from the source increases.
For radioactive decay, the thermal output is not constant, but decreases as radioisotopes disintegrate into stable non-radioactive nuclides at a rate averaging 3% to 4% per year for the first 100 years out of core [1ohnson and Montan (1990) ]. This continuing decrease in the rate of heat generation causes the temperature to pass through a maximum a relatively short time after placement of the waste. The peak temperature is highest, and the peak is reached in the shortest time after placement, near the package.
At greater distances, the maximum temperature is lower and occurs later. (1990) reveals that peak temperatures above the boiling point of water (about 207OF. at Yucca Mountain) at the waste package are reached in less than 50 years after emplacement. The highest calculated temperature reported is 426°F. (2!9°C), in rock that is dried out from the heat. f
Examination of detailed calculations by Johnson and Montan
For any particular temperature, there is a corresponding pressure above which water cannot exist as vapor; this is known as the saturation pressure for that temperature. From Perry (1950), 420°F corresponds to an absolute saturation pressure of about 309 pounds per square inch (psia), and 430 oF to about 344 psia.
At temperatures of 430°F or below, it is physically impossible to generate steam with a higher pressure than 344 psia.
To "blow the top off the mountain," pressures must be greater than the weight of the overlying rock per unit area; this is known as the lithostat, and averages about 1 pound per square inch per foot of depth from the surface. Since the potential repository is to have a depth of burial of about 1000 feet, the lithostat would be about 1000 pounds per square inch, or almost three times the maximum steam pressure that could possibly be generated ir_ a closed system. There are some other difficulties in generating steam even at the saturation pressure corresponding to the highest rock temperature. During the , entire heating and cooling cycle, calculations by Nitao (1988) indicate that the pressure of air and water vapor within the fractures and pores in the rock increases by less than 15%; the fluid pressure is thus very low. We must . somehow supply liquid water by flow through these pores and cracks, then keep it from escaping through these same openings while it heats up and forms steam at much higher pressure. We could certainly do this by putting hot rock and water into a pressure cooker and sealing it, but it is hard to see how this could happen without human intervention.
However, it is interesting to compare the heat required to vaporize water with the heat stored in the rock at the peak temperatures anticipated. Rock at the potential repository horizon has a total void space, or porosity, of about 0.11 cubic feet per cubic foot of rock. To be specific, assume that this volume of water at 86OF, [86OF is the average temperature observed at 500m in Yucca Mountain boreholes G-1 and UE25al, as reported by Dudley et al. (1989] is added to a cubic foot of dry rock at 426oF., and that no heat or mass is allowed to escape. If the system is confined, the resulting "mixture" of hot rock and hot liquid water will reach a final temperature of 366°F and a pressure of 165 psia.
If the pressure is then reduced, steam will form; the lower the pressure, the greater the fraction of water that can be vaporized. At 163 psia, just under 0.5% of the water would be vaporized, and the temperature would be only 365 oF. At 67 psia, 41% would be vaporized and the temperature would fall to about 300oF. Not quite ali the water could be vaporized by reducing the pressure to 13 psia, which is normal atmospheric pressure at the elevation of Yucca Mountain; this corresponds to a boiling point of 207oF.
The point is made: at worst, small, 16calized amounts of low pressure steam could be generated, but a catastrophic steam explosion lifting the top of Yucca Mountain is not possible.
